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ABSTRACT 
With the growing older adult population, neurodegenerative diseases common in old age such as 
mild cognitive impairment (MCI) or Parkinson’s disease (PD) are becoming increasingly 
germane areas of research. Pharmacological treatments have thus far been unsuccessful in 
treating cognitive decline associated with these neurodegenerative disorders. Alternative 
interventions, such as cognitive training programs, have shown promise. The current dissertation 
contains three papers examining cognitive interventions in neurodegenerative diseases. The first 
paper examined the longitudinal effects of cognitive speed of processing training (SPT) among 
those with PD. Results showed that training gains seen at initial post-test were maintained three 
months later. The second paper examined the effects of SPT among those with psychometrically-
defined MCI and found small to medium effect sizes for improvements in everyday functional 
performance among those trained. The third paper examined the effects of auditory cognitive 
training among cognitively healthy older adults and those with psychometrically-defined MCI 
and found that effects may differ between those with and with MCI.  Overall, these papers show 
that training effects can be maintained longitudinally and may potentially transfer to everyday 
functioning in those with neurodegenerative diseases. However, not all cognitive training 
programs show benefits in all areas, and individuals with differing cognitive statuses may benefit 
differentially from cognitive training. Future research should further explore the longitudinal 
effects of these training programs as well as the possibility of transfer to untrained abilities.  
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CHAPTER ONE: 
INTRODUCTION 
With the aging of the baby boomers and the growing number of older adults (Vincent & 
Velkoff, 2010), issues important to older adults, such as cognition, are taking a prominent place 
in research.  Cognitive decline in older adults is associated with deteriorations in basic and 
instrumental activities of daily living (Purser, Fillenbaum, Pieper, & Wallace, 2005; Wadley et 
al., 2007), as well as increased risk of driving cessation (Kowalski, Love, Tuokko, MacDonald, 
& Strauss, 2012), nursing home placement (Luppa et al., 2010; Yaffe et al., 2002), dementia 
(Fischer et al., 2007), and death (Lavery, Dodge, Snitz, & Ganguli, 2009).  Additionally, 
declining cognition is a source of concern for many older adults, who worry about the associated 
loss of independence (Reese, Cherry, & Norris, 1999).  As such, there has been growing interest 
in cognitive training programs that may slow or reverse cognitive decline. Early research 
suggests that individuals with neurodegenerative diseases retain neuroplasticity and can benefit  
from these cognitive training programs (Rosen, Sugiura, Kramer, Whitfield-Gabrieli, & Gabrieli, 
2011). The current dissertation will investigate the effectiveness of cognitive interventions 
among individuals with Parkinson’s disease (PD) and mild cognitive impairment (MCI). 
Due to the relative success of pharmacological treatment of the motor symptoms of PD 
(Brichta, Greengard, & Flajolet, 2013), recent interest has turned towards alleviating the non-
motor symptoms of PD such as cognitive impairment and depression (Kehagia, Barker, & 
Robbins, 2010; Reichmann, Schneider, & Lohle, 2009).  Despite the benefits of cognitive 
 2 
 
 
training programs in slowing cognitive decline in healthy populations (Ball et al., 2002), as well 
as neurologically impaired populations, such as MCI and HIV (Valdés, O'Connor, & Edwards, 
2012; Vance, Fazeli, Ross, Wadley, & Ball, 2012), there has been relatively little investigation of 
this non-pharmacological intervention among individuals with PD.  A few studies have explored 
different cognitive training programs, each focusing on different cognitive functions; however, 
several limitations are found in this literature such as lack of adequate control groups (Disbrow 
et al., 2012; Mohlman, Chazin, & Georgescu, 2011; Reuter, Mehnert, Sammer, Oechsner, & 
Engelhardt, 2012), small sample sizes (Mohlman et al., 2011; Paris et al., 2011; Sammer, Reuter, 
Hullmann, Kaps, & Vaitl, 2006; Sinforiani, Banchieri, Zucchella, Pacchetti, & Sandrini, 2004), 
and few studies examine longitudinal maintenance of training gains (Sinforiani et al., 2004). 
Due to the benefits of cognitive interventions seen in healthy older adults (e.g. Ball et al., 
2002; Edwards, Wadley, et al., 2005) and the dearth of pharmaceutical options, cognitive 
training programs have also emerged as a potential alternative to slow cognitive decline in MCI. 
Several reviews and meta-analyses have summarized the current research regarding cognitive 
interventions in MCI (Belleville, 2008; Faucounau, Wu, Boulay, De Rotrou, & Rigaud, 2010; 
Jean, Bergeron, Thivierge, & Simard, 2010; Li et al., 2011; Teixeira et al., 2012). In general, the 
results are encouraging (e.g. Li et al., 2011), but there have been notable limitations, particularly 
inadequate sample size and inappropriate control conditions. Additional research is needed to 
address these limitations to improve the ability to make recommendations regarding specific 
intervention strategies. 
The purpose of this dissertation is to examine the effectiveness of cognitive training 
programs in individuals with neurodegenerative diseases, specifically PD and MCI.  This 
dissertation will contain three papers. The first will examine the longitudinal effects of cognitive 
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speed of processing training (SPT) in people with PD, using secondary data from a published 
randomized controlled trial (Edwards et al., 2013) in Chapter 2. The second paper will 
investigate the effectiveness of SPT in individuals with psychometrically-defined MCI, using 
data from the Staying Keen in Later Life (SKILL) study (Edwards, Wadley, et al., 2005) in 
Chapter 3. The third paper will examine the effectiveness of auditory cognitive training in 
cognitively healthy older adults and individuals with psychometrically-defined MCI, using 
primary data collected in the USF Cognitive Aging Lab and Psychoacoustics Lab in Chapter 4. 
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CHAPTER TWO: 
THE LONGITUDINAL EFFECTS OF COGNITIVE SPEED OF PROCESSING 
TRAINING IN PARKINSON’S DISEASE 
Abstract 
Background: Parkinson’s disease (PD) is the second most common neurodegenerative disease in 
older adults.  While motor symptoms can be relatively well-controlled by medication, 
pharmacological treatments have been unsuccessful in treating the cognitive decline associated 
with PD. As such, it has become increasingly pertinent to consider non-pharmacological 
interventions, such as cognitive training. Recent research indicates that cognitive speed of 
processing training (SPT) may immediately improve cognition in individuals with PD; however, 
longer-term effects of this intervention have not been examined and doseage effects are not 
known. Method: The current study investigated the maintenance of training gains among 87 
individuals with PD, 3 months after immediate post-test.  Secondary data from a randomized 
clinical trial investigating SPT among individuals with PD were used (Edwards et al., 2013). 
Two mixed effects models were conducted to examine if the training effects were maintained at 
6 months. Results: Participants were 62.1% male, ranged in age from 48 to 85 years, and had an 
average educational level of 15.4 years. A mixed effects model showed a significant group by 
time interaction, p < .01, with the intervention group showing significantly better performance 
over time than the control group.  Results indicated that those who received SPT maintained their 
improvements in Useful Field of View test performance 6 months after baseline. Conclusions: 
These results indicate that cognitive benefits from SPT can be maintained among those with PD. 
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Future research should explore if these training gains transfer to other areas relevant to well-
being, such as depression or everyday functioning.   
Introduction 
Despite James Parkinson’s original claims that intellectual functioning was unaffected in 
people with Parkinson’s disease (PD), researchers have since discovered that individuals with 
PD show deficits in various cognitive domains relative to healthy controls. The primary domains 
affected in PD are executive function, speed of processing, and visual cognitive abilities 
(Grossman et al., 2002; McKinlay, Grace, Dalrymple-Alford, & Roger, 2010; Muslimovic, Post, 
Speelman, & Schmand, 2005; Uc et al., 2005; Zgaljardic, Borod, Foldi, & Mattia, 2003), with 
memory and attention also possibly affected (McKinlay et al., 2010; Muslimovic et al., 2005; 
Zgaljardic et al., 2003). Pharmacological treatments have been ineffective in treating cognitive 
deficits in individuals with PD (Muzerengi, Contrafatto, & Chaudhuri, 2007) and interest has 
turned towards non-pharmacological approaches such as cognitive interventions. 
Various cognitive training programs have been investigated among those with PD, each 
focusing on different cognitive functions such as executive functioning (Sammer et al., 2006), 
speed of processing (Edwards et al., 2013), attention (Mohlman et al., 2011), and sequence 
production (Disbrow et al., 2012), with others training multiple cognitive domains (Paris et al., 
2011; Reuter et al., 2012; Sinforiani et al., 2004).  Results have been promising with 
improvements seen in domains such as executive functioning (Disbrow et al., 2012; Sinforiani et 
al., 2004), memory (Paris et al., 2011; Sinforiani et al., 2004), speed of processing (Edwards et 
al., 2013; Paris et al., 2011), attention (Paris et al., 2011), visuospatial skills (Paris et al., 2011), 
and global cognitive function (Reuter et al., 2012). However, prior cognitive intervention 
research among those with PD has had several limitations such as lack of adequate control group 
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(Disbrow et al., 2012; Mohlman et al., 2011; Reuter et al., 2012), small sample size (Mohlman et 
al., 2011; Paris et al., 2011; Sammer et al., 2006; Sinforiani et al., 2004), and few studies 
examining longitudinal maintenance of training gains.  
Cognitive speed of processing, as measured by the Useful Field of View Test (UFOV), is 
one domain that is impaired in PD (Uc et al., 2005) and particularly relevant for everyday 
functioning. Impaired speed of processing in PD is associated with poorer quality of life and 
reduced independence due to driving impairments (Uc et al., 2011).  Research with healthy older 
adults indicates that SPT can improve UFOV performance, performance of instrumental 
activities of daily living including driving mobility and safety (Ball et al., 2002; Ball, Edwards, 
& Ross, 2007; Ball, Edwards, Ross, & McGwin, 2010; Edwards et al., 2009; Roenker, Cissell, 
Ball, Wadley, & Edwards, 2003).  Consequently, SPT has become an area of interest in PD as 
pharmacological treatments have been unsuccessful in treating cognitive decline (Kehagia et al., 
2010; Reichmann et al., 2009). 
One recent study examining SPT attempted to address the limitations of prior research 
using a randomized controlled trial with a larger sample size (Edwards et al., 2013).  Edwards 
and colleagues (2013) randomized 87 participants with PD to either SPT or a no-contact control 
group. Their results showed that after 3 months of training or an equivalent delay, the SPT group 
showed significantly better performance on a measure of visual attention and speed of 
processing, UFOV, than the control group.  Recent longitudinal data indicate that effects of SPT 
in healthy older adults may last up to ten years (Rebok et al., 2014). Few other types of cognitive 
interventions have shown such lasting effects. While prior research has shown that SPT can 
improve cognitive speed of processing in those with PD (Edwards et al., 2013), the longitudinal 
effects of this intervention in this population have not been examined.  
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The current study extends the research conducted by Edwards and colleagues (Edwards et 
al., 2013) to examine if training-related improvements were maintained 3 months after 
immediate post-test. We hypothesized that those randomized to SPT will maintain the 
improvements in UFOV performance observed at immediate post-test (Edwards et al., 2013).  
Method 
Participants 
Inclusion criteria for the current study were age 40 years or older, a diagnosis of 
idiopathic PD in Hoehn and Yahr stages 1-3, on a stable medication regimen with no anticipated 
changes in the next 6 months, and availability over the next 6 months.  In order to ensure the 
participants could properly perceive and understand the testing and training stimuli, inclusion 
criteria were based on prior studies of SPT and included: adequate cognitive status (measured by 
Mini-Mental State Examination score ≥ 24) with no known diagnosis of dementia, and adequate 
visual acuity (≥20/80).   Exclusion criteria were unpredictable or severe motor fluctuations or 
dyskinesias.  
As detailed in the CONSORT flow chart in Edwards and colleagues (2013), 93 
individuals were assessed for eligibility. Of those, 6 individuals were excluded for not meeting 
inclusion criteria, and 87 individuals were randomized and included in these analyses: 44 to the 
intervention and 43 to the control group.  
Intervention 
InSight is a self-administered version of adaptive SPT that was completed at home by the 
participants. It includes five exercises containing visual stimuli that progress in difficulty from 
simple to complex in an adaptive fashion as performance improves (See Table 1). Participants 
were instructed to alternate between the daily recommended schedule, which included all five 
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exercises, as detailed elsewhere(Edwards et al., 2013), and choosing only the Road Tour 
exercise, which is most similar to a prior version of SPT that has shown substantial efficacy (Ball 
et al., 2002). The SPT group was instructed to begin training immediately following the baseline 
visit with the goal of completing at least 20 hours over three months before immediate post-test. 
Control participants were contacted mid-way through the waiting period to confirm their post-
test appointment. 
Procedure 
 The study design was a longitudinal randomized controlled trial.  Eligible participants 
completed a baseline testing visit and were randomized to either the SPT or control condition.  
Participants in the intervention condition were given the SPT software to take home with 
instructions to complete 1 hour of training, three times a week for 12 weeks, with the goal of 
completing at least 20 hours of training before their post-test visits. Participants in both 
conditions completed an immediate post-test visit approximately 3 months after baseline, and a 
second post-test visit approximately 6 months after baseline. Participants in the control group 
were offered access to SPT between the immediate post-test and second post-test; therefore, their 
data at the second post-test was not used. The USF Institutional Review Board approved this 
project. 
Measures 
 Demographic characteristics included sex, age in years, years of education and race. 
Depressive symptoms were measured using the Center for Epidemiologic Depression Scale 
(CES-D; short form) (Kohout, Berkman, Evans, & Cornoni-Huntley, 1993). Participants 
indicated the number of days from the prior week that they felt or behaved in ways indicative of 
depression across 20 items with ratings ranging from 0 (less than one day per week) to 3 (5 to 7 
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days per week). Ratings were summed into a composite score with a possible range of 0 to 60 
with higher scores indicating more depressive symptoms. 
 Cognitive speed of processing was measured using the UFOV (Edwards et al., 2006; 
Edwards, Vance, et al., 2005), a computerized test that measures speed of processing for visual 
attention tasks and includes three subtests that progressively increase in complexity. In each 
subtest, visual targets (cars and trucks) are shown on the computer screen at display durations 
ranging from 17 to 500 ms. Subtest 1 involves central target identification alone, while subtest 2 
involves simultaneous identification of a central target and localization of a peripheral target. 
Subtest 3 is the same as subtest 2, except the peripheral target is embedded in distracters 
(triangles). Scores for each subtest represent the briefest display durations at which the 
participant responded correctly 75% of the time, with higher scores indicating worse 
performance. Scores from all three subtests were summed into a composite with a possible range 
of 51 to 1,500 ms and higher scores indicating worse performance. The UFOV has high test-
retest reliability ranging from r = .74 - .81 (Edwards, Vance, et al., 2005).  
Analyses 
Multivariate analysis of variance (MANOVA) and Chi-square analyses were conducted 
to determine if there were significant baseline differences between the SPT and control groups 
on descriptive characteristics: age, race, sex, and education. Any variable with a significant 
difference at baseline between the groups was included as a covariate in subsequent analyses. An 
intent-to-treat approach was used in which all participants were included regardless of their 
adherence to the training protocol. 
Two approaches to data analysis were used. First, a mixed effects model was conducted 
using only participants from the SPT group to investigate if the significant training gains 
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previously observed in UFOV ability (Edwards et al., 2013) were maintained at 6 months. If 
there was a significant effect of time, planned contrasts were conducted using two paired sample 
t-tests to determine if there was a significant difference between baseline and post-test, as well as 
between post-test and second post-test. 
A second mixed effects model was conducted comparing the SPT group vs. the control 
group to examine the 6-month trajectory of UFOV performance. Since the control group was 
given SPT after post-test, the post-test data for the control group was carried forward to the 
second post-test (Molenberghs et al., 2004). The trajectory of last observation carried forward is 
similar to the trajectory of the training and control groups seen in other studies where the control 
group shows a slight improvement from baseline to post-test due to practice effects, but 
relatively stable performance at later time points (e.g., Vance et al., 2007). 
Results 
Sample Characteristics 
 The sample consisted of 87 individuals with idiopathic PD, with a mean age of 68.86 
years, an average of 15.36 years of education, and an average score of 9.96 on the CES-D. The 
sample was 62.1% male and 97.7% Caucasian.  
Baseline Differences  
To examine whether there were any baseline differences across conditions, the PD 
participants in the SPT and control groups were compared at baseline on age, education, 
depressive symptoms, and UFOV using a MANOVA.  Baseline differences between groups on 
sex and race were examined using Chi-square analyses.  Overall, there were no differences 
between the groups on age, education, depressive symptoms, or UFOV performance, Wilks λ = 
.99, F(4,82) = .30, p = .88, partial η2 = .01.  At baseline, the PD participants in the SPT and 
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control conditions did not differ significantly in terms of age, F(1,85) = .60, p = .44, partial η2 = 
.007; education, F(1,85) = .02, p = .09, partial η2 = .000; depressive symptoms, F(1,85) = .06, p 
= .81, partial η2 = .001; or UFOV, F(1,85) = .99, p = .32, partial η2 = .01. Chi-square indicated 
the PD participants in the SPT and control conditions did not differ significantly in terms of sex, 
χ2(1) = .09, p = .76, or race, χ2(1) = .00, p = .99. 
Amount of Training Completed 
 At immediate post-test, the SPT group had completed an average of 22.59 hours of 
training with an average of 10.98 of those hours spent specifically on the Road Tour exercise. At 
immediate post-test, the control group participants had not yet completed any training. At second 
post-test, the SPT group had completed, on average, an additional 8.14 hours of training with an 
average of 2.22 of the additional hours spent specifically on the Road Tour exercise. At second 
post-test, the control group had completed on average 23.45 hours of training, with an average of 
10.48 of those hours spent specifically on the Road Tour exercise. 
Main Analyses: Training Durability 
 To examine training durability, two mixed effects models were conducted. Results are 
presented in Table 2. The first mixed effects model included only those randomized to SPT. An 
unconditional growth model showed a significantly better fit than an intercept only model, Δ-
2LL χ2(1) = 23.53, p < 0.05, and the findings indicated significant improvement in UFOV 
performance over time, p < .001. Fixed effects were estimated for both intercept and slope, but a 
random effect was estimated for intercept only, as the model failed to converge when a random 
effect for slope was included. Two planned contrasts were conducted using paired samples t-tests 
to determine if there was a significant difference between baseline and post-test, as well as post-
test and second post-test. There was a significant difference between baseline and post-test, t(32) 
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= 4.39, p < .001, such that UFOV performance was better at post-test, M = 354.91, SD = 285.47, 
than at baseline, M = 497.06, SD =288.86, but, the difference between post-test and second-post-
test was not significant, t(32) = .99, p = .33; the mean UFOV score at second post-test was 
333.70, SD = 270.08. Thus, gains at first post-test were maintained at second post-test. 
 Next, a mixed effects model was conducted that included both the SPT and control 
groups, using last observation carried forward to impute data from the second time point to the 
third time point for the control group. An unconditional growth model showed a significantly 
better fit than an intercept only model, Δ-2LL χ2(1) = 99.67, p < 0.05, and the findings indicated 
significant improvement in UFOV performance over time, p < .001. A conditional growth model 
examining the effect of training group (SPT vs. control) was conducted and provided a 
significantly better fit than an intercept only model, Δ-2LL χ2(1) = 6.64, p < 0.05. The results 
indicated a significant fixed effect of time (p = .002), and a group by time interaction (p = .01). 
Among persons with PD, the SPT group showed greater rates of improvement in UFOV 
performance across 6 months relative to the control group. Results are presented in Figure 1. 
Discussion 
We examined the longitudinal effects of SPT among individuals with PD. Our hypothesis 
that those randomized to SPT would maintain the improvements in UFOV performance observed 
at immediate post-test was supported. Our results showed that older adults with PD who were 
randomized to SPT longitudinally maintained the training gains observed at immediate post-test.  
Further, those with PD who were randomized to SPT showed significantly better UFOV 
performance across 6 months than those randomized to the no-contact control group. 
These findings extend the results of Edwards and colleagues (2013), who reported that 
patients with mild to moderate stage PD benefit from SPT. Results from the current study 
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showed that the benefits of SPT in those with PD are maintained 3 months after immediate post-
test.  This is important because it suggests that the benefits of SPT do not immediately dissipate. 
The results are similar to other studies with SPT in healthy and cognitively impaired older adults, 
indicating that SPT training gains may have lasting effects. For example, research among those 
with MCI suggests that SPT training effects may last up to 5 years (Valdés et al., 2012). 
Similarly, research with healthy older adults suggests that SPT training effects may last up to 10 
years (Rebok et al., 2014). 
Strengths and Limitations 
 The majority of studies using cognitive training programs among persons with PD have 
had small sample sizes (n’s=16-30), limiting power, and lack control groups, preventing accurate 
assessment of the training program. Further, research addressing the longitudinal effects of 
cognitive training in this population has been minimal. The current study addresses many of 
those limitations by including a larger sample size than many previous studies, utilizing a no-
contact control group of individuals with PD, and examining the longitudinal maintenance of 
training gains.  
The current study does have limitations. The sample included primarily highly educated 
Caucasians in mild to moderate stages of PD; therefore, the results may not generalize to 
minorities, those with lower education levels, or those in later stages of the disease. However, 
prior research with healthy older adults suggests that race and education do not significantly 
impact SPT gains (Ball et al., 2007). Further, as cognitive training was offered to the control 
group between the second and third time points, the data for their third time point was imputed 
using last observation carried forward (Molenberghs et al., 2004).  However, we feel confident 
that this approach adequately replicates the trajectory of the control groups demonstrated by 
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other studies, whereby control groups tend to show a slight improvement from baseline to post-
test due to practice effects, but relatively stable performance at later time points (e.g., Vance et 
al., 2007). Further, while the no-contact control group used in the current study is preferable to 
no control group, an active control group would be ideal. However, other studies have found 
large effects of SPT on UFOV relative to active control conditions (Edwards, Wadley, et al., 
2005). 
Implications and Future Research 
While Edwards and colleagues (2013) showed that SPT is immediately beneficial for 
those with PD, the current study extends this research and suggests that UFOV training gains last 
3 months after immediate post-test. Future research should examine if SPT also transfers to 
everyday functioning outcomes in PD such as driving. For example, SPT has shown transfer to 
everyday functional outcomes in healthy older adults, such as a 48% reduced risk of at fault 
crash involvement and decreased risk of driving cessation over 3-5 years (Ball et al., 2010). 
Future research should also include longer intervals of follow up to examine the long term 
durability of training gains in this population, as has been shown with the ACTIVE study (Rebok 
et al., 2014; Valdés et al., 2012). SPT is a viable non-pharmacological intervention option which 
can be self-administered by individuals with PD to improve their UFOV performance with 
lasting effects. 
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CHAPTER THREE:  
THE POTENTIAL EFFICACY OF COGNITIVE SPEED OF PROCESSING TRAINING 
AMONG OLDER ADULTS WITH PSYCHOMETRICALLY-DEFINED MILD 
COGNITIVE IMPAIRMENT 
Abstract 
Mild cognitive impairment (MCI) represents a transitional stage between normal aging 
and dementia, and may be an optimal point to intervene to slow or reverse cognitive decline. 
Pharmacological treatments have not been successful in treating cognitive decline, and attention 
has turned to non-pharmacological approaches such as cognitive training. The Staying Keen in 
Later Life study (SKILL) demonstrated that older adults randomized to cognitive speed of 
processing training showed significantly better UFOV performance as well as transfer to 
improved everyday functional performance (Road Sign Test and Instrumental Activities of Daily 
Living).  The secondary analyses of the current study expand upon previous research by 
selecting participants from SKILL with psychometrically-defined MCI to examine if training 
gains are potentially evident relative to an active control group of cognitive engagement. 
Outcomes included UFOV and indices of everyday functional performance. A 2x2 repeated 
measures MANOVA revealed an overall effect of training on UFOV and everyday functional 
performance outcomes as indicated by a significant group (intervention vs. cognitive engagement 
control) by time (baseline vs. post-test) interaction, Wilks λ = .63, F(3, 45) = 8.79, p < .001, 
partial η2 = .37. Effect sizes were large for improved UFOV, Cohen’s d= 1.10, and small to 
medium for improved everyday functioning, Cohen’s d= 0.25-0.39.  Results indicate those with 
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psychometrically-defined MCI experience significant improvements in UFOV performance and 
may have the potential to show functional benefits subsequent to training.  Future research 
should examine benefits of training to everyday functioning in a larger randomized trial. 
Introduction 
Mild cognitive impairment (MCI) is widely considered to be a transitional stage between 
normal aging and the beginning stages of dementia (Petersen et al., 1999). It is a heterogeneous 
condition that varies in etiology, clinical presentation, and prognosis (Mariani, Monastero, & 
Mecocci, 2007; Monastero, Palmer, Qui, Winbald, & Fratiglioni, 2007).  Individuals with MCI 
show cognitive declines that are greater than would be expected for their age and education level 
(Albert et al., 2011).   Further, individuals with MCI are at increased risk for deteriorations in 
basic and instrumental activities of daily living (Purser et al., 2005; Wadley et al., 2007), nursing 
home placement (Luppa et al., 2010) and conversion to dementia (Fischer et al., 2007). While 
individuals with MCI are able to maintain functional independence, recent research suggests that 
they may have more trouble performing complex everyday tasks than healthy individuals (Ahn et 
al., 2009; Brown, Devanand, Liu, & Caccappolo, 2011; Teng, Becker, Woo, Cummings, & Lu, 
2010). 
As there is limited evidence for the effectiveness of pharmacological treatments in MCI 
(Cooper, Li, Lyketsos, & Livingston, 2013), interest has turned towards non-pharmacological 
treatments such as cognitive interventions. Several reviews and meta-analyses have been 
conducted on cognitive training in MCI and in general the results are encouraging (Belleville, 
2008; Faucounau et al., 2010; Li et al., 2011; Teixeira et al., 2012). Several different types of 
cognitive training programs have been examined in people with MCI to varying degrees of 
benefit.  Process-based cognitive training programs involving perceptual practice have shown 
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benefits among persons with MCI in areas such as speed of processing, visual attention, global 
cognition, and verbal memory (Barnes et al., 2009; Rosen et al., 2011; Valdés et al., 2012). 
However, interventions using strategy- or skill-based training have shown some success in MCI 
populations (Belleville et al., 2006), while others do not (Rapp, Brenes, & Marsh, 2002; Troyer, 
Murphy, Anderson, Moscovitch, & Craik, 2008).  Functional MRI of the brain shows that people 
with MCI retain enough neuroplasticity to experience changes in brain function following 
training, highlighting the potential for effective cognitive interventions in this population (Rosen 
et al., 2011).   
There have been notable limitations in the existing literature on cognitive interventions 
among people with MCI, particularly inadequate control groups (e.g., Cipriani, Bianchetti, & 
Trabucchi, 2006; Hampstead, Sathian, Moore, Nalisnick, & Stringer, 2008) and inappropriate 
statistical analyses (Kurz, Leucht, & Lautenschlager, 2011). Further, very little research has 
examined everyday functioning as an outcome of cognitive training among healthy older adults 
(Kelly et al., 2014). To our knowledge, no studies investigating cognitive training in MCI have 
examined everyday functioning as an outcome.  
The Staying Keen in Later Life (SKILL) study was a randomized clinical trial to evaluate 
the impact of cognitive speed of processing training (SPT), a process-based cognitive training 
program involving perceptual practice, on cognitive and functional performance of older adults 
with speed of processing impairments. Previous work using the SKILL data demonstrated that 
participants randomized to the cognitive SPT group showed significantly better UFOV 
performance as well as transfer to improved everyday functional performance (Edwards, 
Wadley, et al., 2005).  The current study expands previous work by using psychometrically-
defined MCI to examine if these training gains are also evident among individuals with MCI. 
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We examined two hypotheses.  First, we hypothesized that among those with 
psychometrically-defined MCI, individuals randomized to the cognitive SPT group would 
perform significantly better on UFOV than those individuals randomized to the cognitive 
engagement control group. Second, we hypothesized that, among those with psychometrically-
defined MCI, individuals randomized to the cognitive SPT group would perform significantly 
better on measures of everyday function, the Road Sign Test and Timed Instrumental Activities 
of Daily Living (IADL) test, than those individuals randomized to the cognitive engagement 
control group. 
Method 
To address these hypotheses, secondary analyses using data from the SKILL study were 
conducted. SKILL was a randomized clinical trial to examine the impact of cognitive training on 
cognitive and everyday functioning.  We applied a psychometric algorithm to this population 
similar to one previously used to define MCI (e.g., Unverzagt et al., 2007; Valdés et al., 2012). 
Participants and Procedure 
Participants were community dwelling older adults recruited from Bowling Green, KY, 
Birmingham, AL, and surrounding areas. Inclusion criteria for the overall study were minimal to 
include a sample of older adults with a wide range of sensory and cognitive abilities. During the 
baseline visit, participants were required to complete a screening visit and to demonstrate a 
visual acuity of 20/80 or better with corrective lenses, if applicable, and be age 60 or over. 
Additional criteria to participate in training were: adequate vision (contrast sensitivity ≥ 1.35), 
hearing (pure tone average of 40 dB or better), and cognitive status (Mini Mental State Exam 
score; MMSE ≥ 24), and a speed of processing deficit (UFOV subtest 3 and 4 combined score of 
≥ 800 or subtest 2 score ≥ 150). All participants who met the inclusion criteria for training and 
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completed a baseline visit were randomized to either the intervention group or a cognitive 
engagement control group (described in more detail below). The cognitive assessments were 
repeated for all eligible participants at immediate post-test.   
MCI Classification 
MCI at baseline was determined using a psychometric algorithm similar to prior research 
(e.g. Crowe et al., 2006; O'Connor, Edwards, Wadley, & Crowe, 2010; Valdés et al., 2012; 
Wadley et al., 2007). This algorithm uses criteria similar to Peterson and colleagues (Petersen et 
al., 2001; Petersen et al., 1999), but does not consider subjective cognitive complaints or 
performance on everyday functional measures. Instead it follows the guidelines recommended by 
Albert and colleagues (2011) suggesting that individuals with MCI typically perform 1 to 1.5 
standard deviations (SDs) below the mean on cognitive tests.  
Participants’ baseline scores on cognitive tests were standardized and summed to create 
composites for speed of processing, memory, and executive function based on factor analyses. 
The speed of processing composite consisted of the Letter Comparison, Pattern Comparison, and 
Digit Symbol Copy and Substitution tests. The memory composite consisted of the Spatial Span 
and Digit Span tasks, as well as the Hopkins Verbal Learning Test (HVLT). The executive 
functioning composite consisted of Trails A and B and the Stroop task.  More information about 
these tests is provided in the “Measures” section below.  
Scores on each task were standardized and then summed into their respective composites. 
Participants with scores at or below the 7
th
 percentile on any of the three composites were judged 
to be impaired in that particular cognitive domain. Participants impaired in any composite were 
classified as having psychometric MCI. The 7
th
 percentile is equal to 1.5 SDs in a normal 
distribution, and 1.5 SDs below the mean is the traditional cutoff for a clinical diagnosis of MCI 
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(Loewenstein et al., 2006; Visser, Kester, Jolles, & Verhey, 2006), which is recommended by 
Albert and colleagues (2011).  
Current sample. Of the 894 SKILL participants, 890 individuals had sufficient baseline 
data to allow for psychometric MCI classification. Of these, 228 were randomized to either the 
control group (n = 108) or the SPT group (n = 120). Of these, 49 participants met the criteria for 
psychometric MCI at baseline, were randomized, and had complete data on all outcomes at 
baseline and post-test.  There were 24 participants with MCI in the SPT group, and 25 
participants with MCI in the control group.  This sample size is powered to detect Cohen’s d 
effect sizes of 0.53 or higher.  At baseline, these participants ranged in age from 66 to 87 years 
(M = 75.19, SD = 5.43), and the average educational level was 13.31 years (SD = 2.55).  
Participants were primarily male (61.2% of the sample) and Caucasian (83.7% of the sample).  
Descriptive statistics by group are presented in Table 3. 
Measures for MCI Classification 
Speed of Processing Composite.  
Letter Comparison. Participants were presented with two columns of paired letter sets 
and were required to determine if each pair of letter sets were identical (Salthouse, 1991). Letter 
set sizes included 3, 6, and 9 letters. For each set size (3, 6, or 9) participants were instructed to 
complete as many comparisons as possible in 20 seconds. The score calculated was the sum of 
correctly completed comparisons across all three sections, which were standardized for inclusion 
in the composite. Reliability for the Letter Comparison test is high, r = .94 (Park et al., 1996). 
Pattern Comparison. Similar to Letter Comparison, participants were presented two 
columns of paired line segments and were asked to identify if a pair of line segments were 
identical (Salthouse, 1991). As in Letter Comparison, three set sizes were used (3, 6, or 9) and 
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participants were instructed to complete as many comparisons as possible in 20 seconds, and two 
sections of each set size were used. The score calculated was the sum of correctly completed 
comparisons across all six sections, which was standardized for inclusion in the composite. 
Reliability for the Pattern Comparison test is high, r = .94 (Park et al., 1996). 
Digit Symbol Copy and Substitution. In Digit Symbol Copy participants were instructed 
to fill in a grid of empty squares with symbols by copying the symbol located above each square. 
There is no time limit, but participants are instructed to work as quickly as possible. In Digit 
Symbol Substitution, participants were instructed to fill in a grid of empty squares with symbols 
by associating the number appearing above each square with the symbol paired to that number in 
a key at the top of the page. Participants were instructed to complete as many substitutions as 
possible in 90 seconds. Reliability for the Digit Symbol Substitution test is high, r = .82 (Park et 
al., 1996).  
Memory Composite. 
WMS-III Spatial Span.  WMS-III Spatial Span (Wechsler, 1987) measures spatial 
memory by instructing participants to observe and then imitate a tester by touching a series of 
blocks in a specified order, increasing the number of blocks until the participant either completes 
the most difficult series or fails enough trials to trigger a cut-off point. The score was the number 
of series correctly replicated, which was standardized and included in the composite. The WMS-
III Spatial Span has adequate reliability, r = .56 (R. Martin et al., 2002). 
 WMS-III Digit Span. WMS-III Digit Span (Wechsler, 1987) measures auditory memory 
by instructing the participants to listen then verbally repeat a series of digits read by the tester. 
Each series gets longer until the participant either completes the most difficult series or fails 
enough trials to trigger a cut-off point. The score was the number of series correctly repeated, 
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which was standardized and included in the composite. The WMS-III Digit Span has good 
reliability, r = .73 (Youngjohn, Larrabee, & Crook III, 1992). 
 Hopkins Verbal Learning Test (HVLT). The HVLT (Brandt, 1991) requires the 
participants to memorize a list of 12 words read to them by a tester. There are three 
memorization trials after which the participant is asked to recall the words from the list. After 
these three trials, participants listen to a list containing the 12 target words and 24 distractors and 
indicate whether or not the words were in the memorization list. This recognition trial was scored 
using a discrimination index in which the number of false positives is subtracted from the 
number of true positives. The score used in the memory composite was the average number of 
words across the three memorization trials. Reliability for the HVLT is moderate (r = .50), but is 
adequate for clinical use (Rasmussion, Bylsma, & Brandt, 1995). 
Executive Functioning Composite. 
 Trails A and B. Trails A and B (Reitan & Wolfson, 1985, 1993) instructs participants to 
connect a series of numbers (Trails A) or alternating numbers and letters (Trails B) in sequential 
order. If the participant makes an error, he or she is directed to the last correct response and told 
to continue. The time required to complete each task was recorded and was standardized for 
inclusion in the composite. A time limit of 480 seconds was imposed for Trails B. Trails A and B 
have moderate reliability, r = .45-75 (Beglinger  et al., 2005). 
 Stroop. The Stroop task (Spreen & Strauss, 1991; Stern & Prohaska, 1996) is a 
computerized adaptation of the original task that measures the time it takes for participants to a) 
read a series of words that name colors, b) name the color of color blocks, and c) name the ink 
color in which a series of color words appear instead of reading the color word itself (the ink the 
color word is written in is discordant from the color word).  In all three tasks participants are 
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instructed to correct any mistakes they make. The score created was derived from the difference 
between the time required to complete the 3
rd
 and 2
nd
 tasks, adjusted with a time penalty for the 
uncorrected mistakes made in the 3
rd
 task as done in prior research (Wood et al., 2005). This 
score was standardized for inclusion in the composite.  The Stroop has high reliability, r = .83; 
(Salinksky, Storzbach, Dodrill, & Binder, 2001).  
Demographic Characteristics 
Demographic characteristics including sex, age in years, years of education and race were 
investigated as possible covariates. These factors were included as potential covariates because 
they are common risk factors for cognitive decline and impairment (Lopez et al., 2003; Roberts 
et al., 2012; Tervo et al., 2004).  
Outcome Measures 
UFOV Test.  The UFOV is a computerized test that measures speed of processing for 
visual attention tasks, and it includes four subtests that progressively increase in complexity 
(Edwards et al., 2006; Edwards, Vance, et al., 2005). In each subtest, visual targets (cars and 
trucks) are shown on the computer screen at display durations ranging from 16 to 500 ms. 
Subtest 1 involves central target identification alone, while subtest 2 involves simultaneous 
identification of a central target and localization of a peripheral target. Subtest 3 is the same as 
subtest 2, except the peripheral target is embedded in distracters (triangles). Finally, subtest 4 
involves same/different discriminations between two central targets and simultaneous 
localization of a peripheral target surrounded by distracters. Scores for each subtest represent the 
fastest display durations at which the participant responded correctly 75% of the time. Scores 
were combined into a composite with a possible range of 64 to 2,000 ms, with higher scores 
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indicating worse performance. The UFOV has high reliability ranging from r = .74 - .81 
(Edwards, Vance, et al., 2005). 
Timed Instrumental Activities of Daily Living. The Timed IADL (Owsley, McGwin 
Jr., Sloane, Stalvey, & Wells, 2001) involves timed performance of five tasks encountered in 
daily life, for which faster and more efficient completion would likely result in better outcomes 
than slower and/or less efficient task completion. The tasks utilize real-world stimuli and 
represent five IADL domains, including communication (finding a telephone number in a phone 
book), finance (making change), cooking (reading the first three ingredients on a can of food), 
shopping (finding two items on a shelf of packaged foods) and medicine (reading the directions 
on a medicine bottle label). After receiving verbal instructions from the tester, participants were 
reminded that each task is timed and should be completed as quickly and accurately as possible. 
For each task, there is a maximum time limit for completion. Testers recorded the time to 
complete each task and whether any major or minor errors are made. Task scores were generated 
by combining the completion time and error code for each task as follows. Participants were 
assigned the maximum time allowed for a task if a major error was committed, and received a 
time penalty equivalent to 1 SD based on data from participants with no errors if a minor error 
was committed. Task scores were combined into a single composite Timed IADL measure by 
taking the average of Z scores computed for each of the five tasks. Test-retest reliability of the 
Timed IADL is r = .85 (Owsley, Sloane, McGwin, & Ball, 2002). 
Road Sign Test. The Road Sign Test is a computerized measure of complex reaction 
time (Edwards et al., 2002). Participants are instructed to use a mouse to react to changes in 
displays of road signs. On a computer screen, participants view road signs (pedestrian, bicycle, 
right and left turn arrows) with and without a red slash. Participants are instructed to react to the 
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signs without a slash as quickly as possible by moving the mouse left  or right (in response to a 
left or right turn sign) or clicking a button on the mouse (in response to a pedestrian or bicycle 
sign), while disregarding the signs with a slash (distractors). Multiple road signs appear 
simultaneously (either three or six) and each condition contains 12 trials. Time from stimulus 
presentation to correct participant response is recorded. The score for the Road Sign Test is the 
average of the participant’s reaction time across both conditions. Test-retest reliability of the 
Road Sign Test is r = .56 (Ball et al., 2002). 
Intervention 
Both the intervention and the cognitive engagement control groups were completed over 
five weeks and involved 10 one-hour training sessions that began with a 10-15 minute discussion 
of topics relevant to the training condition, detailed below, and ended with 45-50 minutes of 
individual practice exercises on a computer guided by a trainer. The intervention and the 
cognitive engagement control groups were identical except for the topics of discussion and types 
of exercises practiced on the computer. 
The SPT group practiced computerized tasks at increasingly complex levels with central 
visual targets alone or combinations of central and peripheral targets at decreasing (faster) 
presentation speeds. Per a standard protocol (Edwards, Wadley, et al., 2005), the difficulty of the 
task was changed by gradually increasing the complexity of the central target, the peripheral 
target, or both while the display speed was held constant. Once a participant mastered a 
particular task at 75% correct, the display speed was decreased, a process which repeated until a 
task was mastered at a pre-specified criterion. Then the complexity of the task was increased and 
the process was repeated. Thus, a trainer gradually increased the task difficulty (complexity and 
speed) at the participant’s skill level until mastery was achieved through practice. The goal of 
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this training is to increase the amount and complexity of information that can be quickly 
processed. 
The cognitive engagement control group practiced computer skills such as an 
introduction to computer hardware, how to use a mouse, how to acquire and use an e-mail 
account, and how to access and use web-pages. Cognitive engagement can be thought of as the 
active learning of a new skill (Park et al., 2014).  Teaching older adults a new technological skill 
has been shown to improve cognition (Chan, Haber, Drew, & Park, 2014). 
Analyses 
MANOVA and Chi-square analyses were conducted to determine if there were 
significant differences between the SPT and cognitive engagement control group on descriptive 
characteristics: age, race, sex, and education. Any significant differences at baseline between the 
groups were included as covariates in subsequent analyses. A 2 (SPT vs. cognitive engagement 
control) x 2 (baseline vs. post-test) repeated measures MANOVA was conducted to determine if 
there were any main effects of group, time, or a group by time interaction on UFOV, Timed 
IADL, or Road Sign Test performance. If there was a significant group by time interaction, 
subsequent ANOVAs were conducted for each outcome. Cohen’s d effect sizes were calculated 
for the group by time interaction for each outcome as ([SPT mean at post-test – cognitive 
engagement control group at post-test] –[SPT mean at baseline – cognitive engagement control 
group at baseline])/SD of the control group at baseline. 
Results 
Baseline Group Differences 
To examine whether there were any differences, the participants in the SPT and cognitive 
engagement control groups were compared at baseline on age, education, UFOV, Timed IADL, 
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and Road Sign Test using a MANOVA and on sex and race using Chi-square.  Overall, there 
were no baseline significant differences between the groups on age, education, UFOV, Timed 
IADL, or the Road Sign test, Wilks λ = .92, F(5,43) = .79, p = .56, partial η2 = .08. At baseline, 
the participants in the SPT and cognitive engagement control conditions did not differ 
significantly in terms of age, F(1,47) = 1.40, p = .24, partial η2 = .03; education, F(1,47) = 1.95, 
p = .17, partial η2 = .04; UFOV, F(1,47) < .01, p = .98, partial η2 < .01; Timed IADL, F(1,47) = 
.04, p = .85, partial η2 < .01; or Road Sign Test, F(1,47) = 1.02, p = .32, partial η2 = .02. Chi-
square indicated the participants in the SPT and cognitive engagement control conditions did not 
differ significantly in terms of sex, χ2(1) = .99, p = .32, or race, χ2(1) < .01, p = .95. 
Training Effect of SPT 
A 2 x 2 repeated measures MANOVA was conducted to examine the effect of time 
(baseline vs. post-test) and training condition (SPT vs. cognitive engagement control group) on 
UFOV, Timed IADL, and Road Sign Test performance in those with psychometrically-defined 
MCI.  Overall, there was a significant main effect of time, Wilks λ = .25, F(3,45) = 45.56, p < 
.001, partial η2 =.75. There was not a significant main effect of training group, Wilks λ = .88, 
F(3, 45) = 2.04, p = .12, partial η2 = .12. A significant group x time interaction was found, Wilks 
λ = .63, F(3, 45) = 8.79, p < .001, partial η2 = .37.  Subsequent univariate ANOVAs were 
conducted for each outcome.   
UFOV. On the UFOV, there was a significant main effect of time, F(1,47) = 141.10, p < 
.001, a significant main effect of training group, F(1, 47) = 5.97, p = .02, and a significant group 
x time interaction was found, F(1, 47) = 25.93, p < .001, Cohen’s d = 1.10. Results indicated that 
SPT enhanced UFOV performance relative to cognitive engagement controls.  See Figure 2.  
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Timed IADL. For Timed IADL, there was no significant main effect of time, F(1,47) = 
0.10, p = .76, no significant main effect of training group, F(1, 47) = 0.61, p = .44, and also no 
significant group x time interaction, F(1, 47) = 0.62, p = .43, Cohen’s d = 0.39. The effect size 
suggests that SPT may potentially enhance Timed IADL performance relative to cognitive 
engagement controls.  See Figure 2. 
Road Sign Test. For the Road Sign Test, there was no significant main effect of time, 
F(1,47) = 0.13, p = .72, no significant main effect of training group, F(1, 47) = 1.64, p = .21, and 
also no significant group x time interaction, F(1, 47) = 0.72, p = .40, Cohen’s d = 0.25. The 
effect size suggests that SPT may potentially enhance Road Sign Test performance relative to 
cognitive engagement controls.  See Figure 2. 
Conclusions 
We examined the potential effectiveness of cognitive speed of processing training among 
those with psychometrically-defined MCI.  Our hypothesis—that among this subsample, 
individuals randomized to the cognitive SPT group would perform significantly better on the 
UFOV than those individuals randomized to the cognitive engagement control group—was 
supported. However, our second hypothesis—that among those with psychometrically-defined 
MCI, individuals randomized to the cognitive SPT group would perform significantly better on 
measures of everyday function, the Road Sign Test and Timed IADL, than those individuals 
randomized to the cognitive engagement control group—was not supported. However, our 
sample was only sufficiently powered to detect effects of d = 0.53 or larger. 
Our results that cognitive speed of processing training improves UFOV performance is 
consistent with research among both healthy older adults (e.g., Ball et al., 2002; Ball et al., 
2007), and those with MCI (Valdés et al., 2012).  The Cohen’s d effect size found in the current 
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study (d = 1.10) is similar to the effect size (d = 1.41) seen in the overall SKILL sample 
(Edwards, Wadley, et al., 2005) and slightly larger than the effect sizes (d’s = 0.61-0.96) seen in 
other SPT studies (Ball et al., 2007). This suggests that those with MCI show benefits on UFOV 
performance from SPT with similar effects to healthy older adults. Further, the larger effect sizes 
seen in the SKILL study for the overall sample and those with psychometrically-defined MCI 
compared to other SPT studies could be due to differences in the amount of adaptive training. 
Studies such as SKILL (Edwards, Wadley, et al., 2005) and Accelerate (Vance et al., 2007) used 
adaptive SPT in which training exercises are tailored to the individual’s ongoing performance.  
These studies show larger effect sizes (SKILL = 1.10 , 1.41; Accelerate = 0.96) than studies that 
have fixed or partially adaptive SPT, The University of Alabama at Birmingham Training Study 
= .61 (Edwards et al., 2002), ACTIVE = .72 (Ball et al., 2002), or Home-Based Training = .63 
(Wadley et al., 2006).   
To our knowledge, this is the first study that has examined transfer of cognitive SPT   to 
functional outcomes among those with MCI.  Research among healthy older adults has shown 
that cognitive SPT transfers to improved everyday functional performance such as IADLs (Ball 
et al., 2010; Edwards et al., 2002; Edwards, Wadley, et al., 2005; Roenker et al., 2003), fewer 
depressive symptoms (Wolinsky et al., 2009), and improvements in self-rated health (Wolinsky 
et al., 2010).  Rebok and colleagues (2014) showed that SPT led to the least functional decline 
over 10 years compared to memory or reasoning cognitive training. Research with the overall 
SKILL sample showed transfer to improved Timed IADL performance (Edwards, Wadley, et al., 
2005). Although these results were not replicated in the current subsample, this is likely due to 
small subsample size and inadequate power.  The effect sizes in the current study for Timed 
IADL, d = 0.39, is actually larger than the effect sizes seen in the overall SKILL sample (Timed 
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IADL d = 0.29). This suggests that those with MCI have the potential to see functional benefits 
from SPT. Future research should seek to replicate these results with an adequately powered 
sample. 
Strengths, Limitations, and Implications 
 One limitation of this study is that MCI status was only defined using baseline cognitive 
performance, which could potentially be problematic given the unstable nature of MCI that has 
been reported in the literature (Busse, Hensel, Guhne, Angermeyer, & Riedel-Heller, 2006; Fisk, 
Merry, & Rockwood, 2003; Ganguli, Dodge, Shen, & DeKosky, 2004; Larrieu et al., 2002; 
Ritchie, Artero, & Touchon, 2001).  However, the psychometric approach to defining MCI has 
been validated by previous research (Albert et al., 2011; Crowe et al., 2006; Valdés et al., 2012). 
 Similar to previous research, our results suggest that cognitive SPT can improve 
cognitive functioning in those with MCI with a relatively large effect size, suggesting that some 
cognitive plasticity is maintained. The results showed medium effect sizes for potential transfer 
to tasks of everyday functioning. However, the sample was only adequately powered to detect 
effect sizes of 0.53 or larger, another limitation of the current study.  Comparing the effect sizes 
seen in the current study to those of healthy older adults who have completed SPT suggests that 
those with MCI may show functional benefits from SPT; however, this must be replicated in an 
adequately powered sample. 
 One major strength of this study is that it is the first to investigate everyday functioning 
as an outcome of cognitive training among those with MCI.  There is abundant evidence to 
suggest that cognitive training improves the cognitive abilities trained among healthy older 
adults (e.g., Kelly et al., 2014; Kueider, Parisi, Gross, & Rebok, 2012) and emerging evidence 
among those with MCI (e.g., Li et al., 2011; Reijnders, van Heugten, & van Boxtel, 2013; 
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Teixeira et al., 2012). However, improvements in cognitive functioning on lab-based tasks may 
be less clinically meaningful than improvements in a person’s everyday functioning. Despite this 
importance, transfer to everyday abilities is relatively under-studied among healthy older adults 
(Kelly et al., 2014) and even less so among those with MCI.  The present study is the first to 
examine the effects of SPT on everyday outcomes and the effect sizes seen suggest there may be 
some benefit of SPT on everyday outcomes among those with MCI. Future research should 
further investigate this possibility in a well-powered randomized clinical trial.  
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CHAPTER FOUR:  
THE EFFECTIVENESS OF AUDITORY COGNITIVE TRAINING AMONTH OLDERS 
ADULTS WITH AND WITHOUT PSYCHOMETRICALLY-DEFINED MILD 
COGNITIVE IMPAIRMENT 
Abstract 
Cognitive decline often happens gradually, and mild cognitive impairment (MCI) is a transitional 
state between normal aging and dementia.  However, the optimal point to intervene to reverse or 
slow cognitive decline is unknown.  While pharmacological treatments have been unsuccessful 
in treating cognitive decline, non-pharmacological interventions, such as cognitive training, have 
become a recent area of interest. The sensory systems, and hearing loss in particular, may predict 
cognitive decline (Lin et al., 2013). Central auditory processing (CAP), how the brain processes 
sound, is known to be impaired in individuals with cognitive decline (Gates, Anderson, Feeney, 
McCurry, & Larson, 2008).    The current study expands previous work by examining the impact 
of auditory cognitive training on CAP and memory outcomes in MCI and non-MCI groups.  A 
2x2x2 repeated measures MANCOVA was conducted to determine if there were any main 
effects of group (intervention vs no-contact control), time (baseline vs post-test), MCI (MCI vs 
non-MCI), or interactions on measures of CAP and auditory memory. Results showed a 
marginally significant intervention group by MCI group by time interaction (p=.066); however, 
effect sizes for all outcomes were small (partial ŋ2 <.001-.07). Further research with a larger 
sample would yield greater power to detect such small effects.  These results indicate that if 
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training effects are confirmed they may differ by cognitive status. Future research should aim to 
identify the ideal point to intervene to prevent or slow cognitive decline. 
Introduction 
Declining cognition is a source of concern for many older adults, who worry about the 
associated loss of independence (Reese et al., 1999).  As such, there has been growing interest in 
cognitive training programs that may slow or reverse cognitive decline, with the goal of 
improving cognitive health as well as quality of life for older adults. The aim of the current study 
was to investigate the effectiveness of an auditory cognitive training (ACT) program to improve 
cognition in those with and without psychometrically-defined mild cognitive impairment (MCI). 
MCI is widely considered to be an intermediate stage between normal aging and 
dementia. Approximately 16% of older adults are affected by MCI (Petersen et al., 2010) with 5-
10% converting to dementia, such as Alzheimer’s disease (AD), each year (Farias, Mungas, 
Reed, Harvey, & DeCarli, 2009). If an intervention could delay the onset or progression of AD 
by one year there would be 9.2 million fewer cases by 2050, lessening the impact of the disease.  
However, pharmacological treatments for cognitive impairment have been unsuccessful. Further, 
research is unclear regarding the optimal time to intervene. Evidence suggests Alzheimer’s 
pathology may begin years to decades before symptoms appear (e.g., Mosconi et al., 2014). 
Therefore, intervening during “healthy” aging, before cognitive decline is evident, may be most 
beneficial. However, other research suggests that those with MCI still retain enough plasticity to 
benefit from cognitive training (Rosen et al., 2011). 
The sensory systems play a large role in cognitive functioning (Baltes & Lindenberger, 
1997; Lindenberger & Baltes, 1997). Hearing loss, in particular, may predict cognitive decline 
(Lin et al., 2013). Central auditory processing (CAP), or how the brain processes sound, is 
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closely associated with executive functioning (Gates et al., 2010) and memory in older adults 
(Gates et al., 2008), and predicts cognitive decline (Gates, Beiser, Rees, D'Agostino, & Wolf, 
2002). Impairments in CAP reduce the quantity and quality of information that is available to the 
cognitive system (Tun, Williams, Small, & Hafter, 2012) beyond deficits explained by peripheral 
hearing loss (J. S. Martin & Jerger, 2005).  The information degradation hypothesis suggests that 
difficulties in information processing are caused by deficits in initial sensory/perceptual 
processing (Schneider & Pichora-Fuller, 2000). CAP is impaired in people with MCI (Edwards 
et al., under revision; Gates et al., 2008; Idrizbegovic et al., 2011; Rahman, Mohamed, 
Albanouby, & Bekhet, 2011) and these deficits in initial sensory/perceptual processing may 
underlie cognitive decline.  
ACT may be one way to improve CAP that could be particularly beneficial. ACT may 
improve initial sensory/perceptual processing (Mahncke, Bronstone, & Merzenich, 2006) and 
according to the information degradation hypothesis, improving this initial sensory/perceptual 
processing should lead to improved information processing and cognitive function. Additionally, 
ACT is adaptive, increasing or decreasing task difficulty based on each participant’s 
performance.  According to Lovden and colleagues’ (2010) theory of adult plasticity, a cognitive 
intervention must be sufficiently challenging to induce changes in cognition.  As ACT is self-
paced and becomes progressively more challenging as performance improves, it may be 
particularly suited to improve cognition.   
 Previous research with ACT in cognitively healthy older adults has shown improvements 
in memory (Anderson, White-Schwoch, Parbery-Clark, & Kraus, 2013; Mahncke, Connor, et al., 
2006; Smith et al., 2009) as well as speed of processing (Smith et al., 2009).  Global cognition 
and memory have also been improved following ACT among those with MCI (Barnes et al., 
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2009; Gooding et al., 2015; Rosen et al., 2011). However, to our knowledge, no previous 
research among older adults with or without MCI has examined the effect of ACT on measures 
of CAP. The current study expands previous work by examining the impact of ACT on CAP and 
auditory memory outcomes. It was hypothesized that participants randomized to ACT would 
show better performance on measures of CAP and memory than those participants randomized to 
the no-contact control group. Differences in training effects between those with and without 
psychometrically-defined MCI were also explored. 
Method 
Participants 
Community-dwelling participants were recruited in collaboration with the USF Health 
Byrd Alzheimer’s Institute, the USF Cognitive Aging Lab, and the USF Psychoacoustics Lab.  
Inclusion criteria were age 55 years or older, ability to speak, understand, and read English, 
adequate hearing acuity (thresholds <70 dB HL in the mid-frequency range in at least one ear as 
determined by a standard hearing evaluation), and a Montreal Cognitive Assessment (MoCA) 
score 20 or higher.  
Procedure 
All participants who met the inclusion criteria completed a baseline visit in which they 
completed a variety of cognitive assessments (see Measures).  Participants were randomized to 
either the intervention group or a no-contact control group. The cognitive assessments were 
repeated for all eligible participants immediately post-intervention or after an equivalent delay.  
Participants randomized to the no-contact control group were offered access to the training 
program after post-test. 
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MCI Classification  
MCI at baseline was determined using a psychometric algorithm that previous 
researchers have applied to the ACTIVE population (Crowe et al., 2006; O'Connor et al., 2010; 
Wadley et al., 2007).  This algorithm uses criteria similar to Peterson and colleagues (2001; 
1999), but does not consider subjective cognitive complaints or performance on everyday 
functional activities.  Participants’ baseline scores on the cognitive tests described in the 
“Measures” section below were standardized.  Participants with scores at or below the 7th 
percentile on any task were judged to be impaired on that particular task.  Participants impaired 
on any task were classified as MCI (n = 15), while participants not impaired in any task were 
classified as non-MCI (n = 51). The 7
th
 percentile is equivalent to 1.5 standard deviations (SDs) 
in a normal distribution, and 1.5 SDs below the mean on cognitive tests is the traditional cutoff 
for a clinical diagnosis of MCI (Loewenstein et al., 2006; Visser et al., 2006).   
Measures 
Demographic characteristics included age in years, level of education in years, sex, and 
race.  Depressive symptoms were measured using the Center for Epidemiologic Depression 
Scale (CESD-short form). Participants indicated the number of days from the prior week that 
they felt or behaved in ways indicative of depression across 20 items with ratings ranging from 0 
(less than one day per week) to 3 (5 to 7 days per week). Ratings were summed into a composite 
score with a possible range of 0 to 60. 
CAP outcomes. 
Auditory processing speed was assessed using a speech task and a non-speech task. For 
the speech task, the Northwestern University (NU) No.6 words spoken by a female speaker with 
45% (TCS 45%) and 65% (TCS 65%) compression (Wilson, Preece, Salamon, Sperry, & 
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Bornstein, 1994) were used. The NU No.6 materials were time compressed using the discard-
interval model to preserve the pitch and prosody of the utterance. A total of 50 words for each 
compression condition was presented binaurally and scored as the percent of correct responses. 
Auditory processing speed was also assessed using a non-speech psychophysical gap detection 
task, Adaptive Tests of Temporal Resolution (ATTR) (Lister, Roberts, Shackelford, & Rogers, 
2006; Lister, Roberts, & Lister, 2011) , in which the smallest gap that can be detected, with 
70.7% accuracy, between two noises was determined adaptively. Two subtests of the ATTR 
were used: a within-channel task in which the two noises on either side of the gap were of the 
same center frequency and an across-channel task in which the two noises on either side of the 
gap differed in center frequency. Reliability for this test has been established with intraclass 
r=.58-.87. Such measures of auditory temporal processing have been directly related to higher-
order cognitive processing (Schneider & Pichora-Fuller, 2000). Both speech and non-speech 
measures of speed are often included in batteries of CAP.  
Memory outcome. 
Auditory memory was assessed using the Rey Auditory Verbal Learning Test (AVLT; 
Rosenberg, Ryan, & Prifitera, 1984). This task involves the auditory presentation of a list of 15 
unrelated words with immediate and delayed recall trials and is a reliable (r=.77) and valid 
memory measure (Geffen, Butterworth, & Geffen, 1994). The task is repeated five times, with 
immediate recall for each of the five trials and delayed recall after 30 minutes. The average 
number of words recalled across the five immediate trials is recorded and was used in analyses as 
well as the total words recalled after 30 minutes. The ACT program has been found to improve 
overall performance on this task in cognitively intact older adults in prior research and our pilot 
studies (Smith et al., 2009).  
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Intervention 
ACT was carried out using the Brain Fitness program (See Table 4; Mahncke, Bronstone, 
et al., 2006; Mahncke, Connor, et al., 2006). Participants came to USF to work on the program 
60 minutes per day, two days per week, for 10 weeks. This program was chosen based on prior 
research documenting its efficacy to improve memory among older adults with and without MCI 
(Barnes et al., 2009; Mahncke, Connor, et al., 2006; Smith et al., 2009). A no-contact control 
group received the same assessments as the ACT group but was not contacted during the 10-
week intervening period, except to confirm upcoming appointments.  
Analyses 
ANOVA and Chi-square analyses were conducted to determine if there were significant 
differences between the intervention and control groups on descriptive characteristics: age, race, 
sex, education, and depression at baseline. Any significant differences at baseline between the 
groups were included as covariates in subsequent analyses. A 2x2x2 repeated measures 
MANCOVA was conducted to determine if training effects varied by cognitive status 
(intervention group by MCI group by time) across the CAP outcomes and auditory memory 
outcomes.  If a significant intervention group by MCI group by time interaction was found it was 
explored by conducting subsequent 2x2 MANCOVAs stratified by MCI group. Power analyses 
were conducted using G*Power 3.1.9.2 for a repeated measures MANOVA with 4 groups (MCI 
experimental, MCI control, non-MCI experimental, non-MCI control) and it was determined 92 
participants would be needed to find a medium effect size. Due to the low power and small 
sample size, p-values between .051 and .100 were considered marginally significant and 
explored for possible effects. Cohen’s d effect sizes were calculated for group by time 
interactions for each individual outcomes. See Table 5.  
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Results 
Baseline Group Differences 
The participants in the ACT (n = 31) and control groups (n = 35) were compared at 
baseline on age, education, and depression using one-way ANOVAs and on sex and race using 
Chi-square (Table 5). There were no significant differences at baseline between the groups on 
education, F(1,65)=0.253, p=.062, or depression, F(1,56)=0.038, p=.845; however, the ACT 
group was significantly younger at baseline, M=69.33 years, SD=7.19, than the control group, 
M=73.42 years, SD=7.19, F(1,65)=5.273, p=.03.  Chi-square indicated the participants in the 
ACT and control conditions did not differ significantly in terms of sex, χ2(1) < 0.01, p = .99, or 
race, χ2(2) = 4.03, p = .13. Age was included as a covariate in all subsequent models because of 
the baseline differences between the groups. 
Training Effect of ACT 
 A 2 x 2 x 2 repeated measures MANCOVA was conducted to examine the effect of time 
(baseline vs. post-test), training condition (ACT vs. control group), and MCI group (MCI vs. 
non-MCI) on ATTR within channel, ATTR across channel, AVLT immediate, AVLT delayed, 
TCS 45%, and TCS 65%, with age as a covariate. All main effects, interactions, and effect sizes 
can be found in Table 6. A time by MCI group by training group interaction was marginally 
significant, Wilks’ λ = .816, F(6,56)=2.110, p=.066, indicating the training effects may differ 
between the MCI and non-MCI groups. Because of this interaction, analyses were stratified by 
MCI status. Figures 3-8 show the intervention group by time interaction for each outcome by 
MCI status. 
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 MCI group.  
A 2 x 2 repeated measures MANOVA was conducted to examine the effect of time 
(baseline vs. post-test) and training condition (ACT vs. control group) on ATTR within channel, 
ATTR across channel, AVLT immediate, AVLT delayed, TCS 45%, and TCS 65%, with age as 
a covariate in those with psychometrically-defined MCI.  Overall, there was no significant main 
effect of time, Wilks λ = .54, F(6,7) = 1.00, p = .49. There was not a significant main effect of 
training group, Wilks λ = .65, F(6, 7) = 0.63, p = .71. There was not a significant main effect of 
age, Wilks λ = .45, F(6, 7) = 1.45, p = .32. There was no significant age x time interaction, Wilks 
λ = .52, F(6, 7) = 1.07, p =.46. There was also no significant group x time interaction, Wilks λ = 
.66, F(6, 7) = 0.60, p =.72. Subsequent univariate ANOVAs were conducted for each outcome to 
examine the effect sizes of the group x time interaction. See Table 7. 
 Non-MCI group.  
A 2 x 2 repeated measures MANOVA was conducted to examine the effect of time 
(baseline vs. post-test) and training condition (ACT vs. control group) on ATTR within channel, 
ATTR across channel, AVLT immediate, AVLT delayed, TCS 45%, and TCS 65%, with age as 
a covariate in those without psychometrically-defined MCI.  Overall, there was no significant 
main effect of time, Wilks λ = .80, F(6,43) = 1.78, p = .13. There was not a significant main 
effect of training group, Wilks λ = .87, F(6, 43) = 1.08, p = .39. There was a significant main 
effect of age, Wilks λ = .62, F(6, 43) = 1.49, p = .001, such that older age was associated with 
poorer performance. There was no significant age x time interaction, Wilks λ = .80, F(6, 43) = 
1.79, p =.13.  There was also no significant group x time interaction, Wilks λ = .88, F(6, 43) = 
.99, p =.45. Subsequent univariate ANOVAs were conducted for each outcome to examine the 
effect sizes of the group x time interaction. See Table 7. 
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Discussion 
In contrast to the proposed study’s hypothesis, those randomized to ACT did not have 
significantly better performance on CAP and memory outcomes compared those on the wait-list 
control group.  In addition, the data did not support significant training effect differences 
between the MCI and non-MCI groups. However, these results provide useful pilot data to 
inform future research.  
Research with ACT among cognitively healthy older adults has shown medium to large 
effect sizes on global cognition and auditory memory and attention (Smith et al., 2009), as well 
as maintenance of training effects 3 months after training, although effects were not as strong 
over time (Mahncke, Connor, et al., 2006; Zelinski et al., 2011).  ACT has also been shown to 
induce faster neural responses and decrease variability in brain stem response peaks among 
cognitively healthy older adults (Anderson et al., 2013).  Similarly, previous research with ACT 
in those with MCI or subclinical cognitive decline has shown either statistically significant 
effects or small to medium effect sizes in favor of the intervention group on outcomes such as 
global cognition and learning and memory (Barnes et al., 2009; Gooding et al., 2015; Rosen et 
al., 2011).  Changes in hippocampal function have also been reported in this population 
following ACT (Rosen et al., 2011). 
 In the current study, an overall MCI group by training group by time interaction was 
marginally significant, indicating that training effects may differ by MCI status. Subsequent 
analyses were conducted to examine the effect sizes of the intervention group by time 
interactions for each outcome by MCI status (Table 7). Results showed that among those with 
MCI, participants in the ACT group trended towards improved performance on ATTR within 
channel compared to the control group, while those without MCI showed effects in the opposite 
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direction (See Figure 4). Further, among those with MCI, participants in ACT trended towards 
improved performance on TCS 65% compared to the control group, while those without MCI did 
not show the same effect (See Figure 8).   
 Given the variable effect sizes, these results suggest that ACT may not have a beneficial 
effect on CAP in either healthy older adults or those with MCI. However, this study was 
underpowered and should be replicated in a larger well-powered study to confirm. The 
marginally significant MCI group by intervention group by time interaction suggests that if 
training effects are confirmed they may differ by cognitive status, such that those with MCI show 
greater benefits than cognitively healthy older adults. Future research should consider the 
possibility that those with different cognitive abilities may benefit differently from cognitive 
training programs, and further endeavor to determine the optimal point to intervene to prevent or 
slow cognitive decline. 
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CHAPTER FIVE: 
CONCLUSION 
The results of these three studies have furthered the field’s knowledge about the 
effectiveness of cognitive training programs in neurodegenerative diseases.  With the graying of 
the population, a larger number of people will be encountering these neurodegenerative diseases 
that are more common with age. As pharmacological approaches to treating the cognitive decline 
associated with these diseases has been generally ineffective (Popp & Arlt, 2011), non-
pharmacological approaches such as cognitive interventions are becoming more popular. Support 
for the efficacy of these interventions in the current dissertation was mixed, but generally 
positive. 
The results that individuals with Parkinson’s disease randomized to SPT maintained their 
training gains three months after initial post-test align with other research showing that SPT 
training gains last up to five years in those with MCI (Valdés et al., 2012) and ten years in 
healthy older adults (Rebok et al., 2014). Further, this study begins to fill the relative absence of 
literature regarding the necessary dose of training needed to see the most benefits.  These results 
show that increasing hours of SPT were associated with better UFOV performance. Future 
research should extend these results to examine longer follow-up times as well as determine if 
there is an optimal dose of cognitive training to see benefits. 
There is also a dearth of literature examining transfer of cognitive training to everyday 
functioning outcomes in healthy older adults (Kelly et al., 2014), and no prior literature to date, 
to my knowledge, examines this transfer among those with MCI. Results from this dissertation 
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show that among those with psychometrically-defined MCI, SPT led to significant improvements 
in UFOV. This replicates (Valdés et al., 2012), and extends prior research by showing small to 
medium effect sizes for transfer to everyday functioning. These results provide exciting pilot 
data suggesting SPT may have the potential to improve tasks of everyday functioning, which 
may be more clinically meaningful than improving performance on traditional cognitive tests.  
Finally, the results investigating the effects of ACT among older adults with and without 
MCI suggest that effects may vary by MCI status, but the study was small and underpowered. 
This is somewhat contradictory to other research using with program which showed 
improvements in global cognition and auditory memory (Barnes et al., 2009; Gooding et al., 
2015; Smith et al., 2009; Zelinski et al., 2011) as well as changes in neural functioning 
(Anderson et al., 2013; Rosen et al., 2011) in both healthy older adults and those with MCI. 
Taken in combination this suggests that while ACT improves some aspects of cognition and 
neural functioning in those with and without MCI, research with a fully-powered study is needed 
to make conclusions regarding its effects on CAP. However, even with an extremely small 
sample size, there was a marginally significant 3-way interaction (p=.066), suggesting that if 
training effects are confirmed they likely differ by cognitive status, with the MCI group showing 
more benefit than the cognitively healthy group. Future research should take into consideration 
that perhaps some cognitive training programs have differential benefits in differing populations.  
These training programs, particularly SPT, provides a potential alternative to pharmacological 
treatments for those experiencing cognitive decline associated with Parkinson’s disease or MCI. 
Alternatively, this research suggests training effects of ACT likely differ by cognitive status, but 
this must be confirmed with a fully-powered study. Further research into the effectiveness of 
these cognitive interventions will prove to be vital in caring for the cognitive health of the older 
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adult population and will enrich the literature regarding the wide variety of cognitive training 
programs available today. 
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TABLES AND FIGURES 
 
Table 1   
InSight Training Program Exercises 
Exercise Targeted Ability Description 
Sweep Seeker Visual processing Identify order of visual sweeps; finer & faster sweeps 
 
Bird Safari Visual target 
identification 
Visual discrimination of peripheral targets; degrading 
visual conditions & increasing speed of presentation 
 
Jewel Diver Visual tracking 
speed & memory 
Track & remember visual targets; increasing number, 
speed, & background complexity 
 
Road Tour Visual attention Discriminate center target & locate peripheral target; 
increasing speed & background complexity 
 
Master Gardener Visual speed & 
memory 
Detect & remember targets; increasing speed & 
background complexity 
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Table 2 
Mixed effects models: The longitudinal effect of cognitive speed of processing training on Useful Field of View performance. 
 Analysis 1 
 
Analysis 2 
 
No Growth 
Model 
 
Unconditional 
Growth Model 
 
No Growth 
Model 
 
Unconditional 
Growth Model 
Conditional Growth 
Model 
Value Estimate (SE) Estimate (SE) 
 
Estimate (SE) Estimate (SE) Estimate (SE) 
-2LL 1508.82 1485.28  3130.91 3031.24 3024.61 
AIC 1514.82 1493.28  3136.91 3039.24 3036.61 
Parameters 3 4  3 4 6 
Fixed Effects            
   Intercept 401.59 (38.80)*** 460.48 (40.40)***  393.78 (28.13)*** 440.82 (28.98)*** 664.63 (319.11)*** 
   Time ----- -5.26 (.99)***  ----- -3.80 (.56)*** -19.55 (6.07)*** 
   Training Group ----- -----  ----- ----- -40.83 (57.89) 
   Time*Training Group ----- -----  ----- ----- 2.85 (1.09)** 
Random Effects          
    
    Intercept 
57520.90 
(14200.30)*** 
60762.62 
(14295.61)*** 
 64250.93 
(10497.18)*** 
65476.12 
(10549.74)*** 
65667.99 
(10549.06)*** 
    
    Residual 
20996.53 
(3627.50)*** 
14677.90 
(2544.82)*** 
 12674.16 
(1471.65)*** 
9845.68 
(1165.67)*** 
9399.52 
(1112.36)*** 
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Table 3 
 
Baseline descriptive means and standard deviations for participants with 
psychometrically-defined mild cognitive impairment by intervention group. 
 
 
 
Control Group 
 
SPT Group 
 
 Variable 
 
M (%) SD 
 
M (%) SD 
 
d 
 
Age 76.09 5.55 
 
74.26 5.25 
 
-- 
 
Years of Education 13.80 2.06 
 
12.79 2.93 
 
-- 
 
Female 32.0% -- 
 
45.8% -- 
 
-- 
 
Caucasian 84.0% -- 
 
83.3% -- 
 
-- 
 
Baseline UFOV 
performance 1212.12 266.49 
 
1210.45 242.23 
 
 
-- 
 
Baseline 
RST performance 2.62 1.37 
 
2.30 0.80 
 
 
-- 
 
Baseline TIADL 
Performance 0.05 0.43 
 
0.02 0.55 
 
 
-- 
 
Post-Test UFOV 
performance 1017.00 212.92 
 
722.50 212.68 
 
 
1.10 
 
Post-Test 
RST performance 2.72 2.33 
 
2.06 1.04 
 
 
0.39 
 
Post-Test TIADL 
Performance 0.17 0.77 
 
-0.03 0.68 
 
 
0.25 
 
Notes:  Control group was a cognitive engagement control group. M=mean, SD=standard deviation, 
UFOV=Useful Field of View Test, SPT = Speed of Processing Training, MCI = mild cognitive 
impairment, RST = Road Sign Test, TIADL =Timed Instrumental Activities of Daily Living.  Overall 
N = 49, SPT Group n = 24, Control Group n = 25. Cohen’s d effect sizes were calculated for the group 
by time interaction for each outcome as [(SPT mean at post-test – cognitive engagement control group 
at post-test) – (SPT mean at baseline – cognitive engagement control group at baseline)]/SD of the 
control group at baseline. 
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Table 4  
 
 
 
 
 
 
Description of Brain Fitness Exercises 
Exercise Description and Potential Benefit 
Frequency 
Sweeps  
Participants are asked to identify order of tone sweeps, encouraging faster sound processing. The 
exercise helps the brain respond to even the quickest speech, improving speed of processing. 
Tell Us Apart  Participants discriminate speech syllables with increasing complexity and speed. This helps interpret 
speech and store clear memories. 
Match It  Tasks require identification and recall of speech syllables with increasing number of items and quicker 
speed. This improves clarity of memory by sharpening the precision with which the brain processes 
sound.   
Sound Replay  Participants are asked to remember and identify order of words with increasing number of words and 
speed. This improves the ability to engage in and remember conversation and helps with learning. 
Listen and Do  Tasks provide instructions to remember and follow with increasing complexity and speed, which 
enhances working memory. 
Story Teller  Participants are expected to comprehend stories as the story length and speed increase, promoting 
stronger memory for details. 
 60 
 
 
Table 5 
 
Baseline descriptive means and standard deviations for participants by intervention group. 
 
 
Entire Sample Control Group  ACT Group  
 Variable Min (%) Max M (%) SD  M (%) SD d 
 
Age (in years) 55.94 89.08 73.42 7.26 
 
69.33 7.19 
 
-- 
 
Years of Education 
 
10.00 
 
20.00 15.91 2.45 
 
15.61 2.40 
 
-- 
 
Depressive Symptoms 
 
0.00 
 
35.00 9.72 6.58 
 
9.32 8.77 
 
 
Female 
 
48.5% 
 
-- 48.6% -- 
 
48.4% -- 
 
-- 
 
Caucasian 
 
93.9% 
 
-- 94.3% -- 
 
93.5% -- 
 
-- 
Baseline ATTR Across 
Channel performance 
 
 
14.75 
 
 
225.43 73.10 49.45 
 
60.35 41.86 
 
 
0.34 
Baseline ATTR Within 
Channel performance 
 
 
 
1.89 
 
 
 
24.97 7.66 4.35 
 
6.91 4.40 
 
 
 
0.08 
 
Baseline AVLT immediate 
Performance 
 
 
3.20 
 
 
13.60 7.73 2.45 
 
8.73 2.12 
 
 
0.03 
Baseline AVLT delayed 
recall performance 
 
 
0.00 
 
 
15.00 6.20 4.36 
 
8.39 3.97 
 
 
0.14 
 
Baseline TCS 45%  
performance 
 
 
32.00 
 
 
100.00 82.23 15.34 
 
84.32 12.22 
 
 
0.31 
 
Baseline TCS 65% 
Performance 
 
 
12.00 
 
 
84.00 54.17 18.85 
 
57.23 17.92 
 
 
0.17 
 
Notes:  M=mean, SD=standard deviation, ATTR=Adaptive Test of Temporal resolution, ACT = Auditory Cognitive Training, AVLT 
= Auditory Verbal Learning Test, TCS =Time Compressed Speech Overall N = 66, ACT Group n = 31, Control Group n = 35. 
Cohen’s d effect sizes were calculated for the group by time interaction for each outcome as [(ACT mean at post-test –control group 
at post-test) – (ACT mean at baseline –control group at baseline)]/SD of the control group at baseline. 
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Table 6     
2x2x2 Repeated Measures Multivariate Analysis of Variance Between 
Time, MCI group, and Intervention Group 
Variable F p power 
OVERALL
a 
   
Age 4.79 .001 .98 
Time 1.02 .34 .42 
Intervention 1.16 .42 .37 
MCI group 12.31 <.001 1.00 
Age by Time 0.88 .52 .32 
Intervention by Time 1.94 .09 .66 
MCI group by Time 0.62 .72 .23 
MCI group by Intervention 1.45 .21 .52 
Intervention by MCI group by Time 2.11 .07 .71 
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Table 7          
2x2 Repeated Measures Analysis of Variance Between Time and Intervention Group, by MCI status 
  
Non-MCI group 
  
MCI group 
Variable F p Cohen’s d power  F p Cohen’s d power 
ATTR Across Channel
          
Age 9.67 .003 -- .86  0.73 .41 -- .12 
Time 1.12 .30 -- .18  1.12 .30 -- .18 
Intervention Group 1.88 .18 -- .27  0.04 .85 -- .05 
Age by Time 1.22 .30 -- .19  1.22 .28 -- .19 
Intervention Group by Time 3.68 .06 0.62* .47  3.68 .06 0.41* .47 
ATTR Within Channel 
 
         
Age 1.56 .22 -- .23  0.33 .58 -- .08 
Time 0.46 .50 -- .10  0.46 .50 -- .10 
Intervention Group 1.28 .26 -- .20  0.47 .51 -- .10 
Age by Time 0.77 .38 -- .14  0.77 .38 -- .14 
Intervention Group by Time 1.16 .29 0.17* .18  1.16 .29 0.88 .18 
AVLT Immediate          
Age 6.25 .02 -- .69  5.65 .04 -- .59 
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Non-MCI group 
  
MCI group 
Variable F p Cohen’s d power  F p Cohen’s d power 
Time 0.01 .93 -- .05  0.01 .93 -- .05 
Intervention Group 0.003 .96 -- .05  1.88 .20 -- .24 
Age by Time 0.12 .73 -- .06  0.12 .73 -- .06 
Intervention Group by Time 0.002 .97 0.01* .05  .002 .97 0.18 .05 
AVLT Delayed          
Age 3.57 .07 -- .46  8.67 .01 -- .77 
Time 0.18 .37 -- .07  0.18 .67 -- .07 
Intervention Group 0.02 .89 -- .05  4.41 .06 -- .49 
Age by Time 0.02 .89 -- .05  0.02 .89 -- .05 
Intervention Group by Time 0.47 .50 0.13* .10  0.47 .50 0.29* .10 
TCS 45%          
Age 2.89 .10 -- .39  1.61 .23 -- .22 
Time 2.39 .13 -- .33  2.39 .13 -- .33 
Intervention Group 0.10 .76 -- .06  0.01 .95 -- .05 
Age by Time 2.90 .10 -- .39  2.90 .10 -- .39 
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Non-MCI group 
  
MCI group 
Variable F p Cohen’s d power  F p Cohen’s d power 
Intervention Group by Time 1.48 .23 0.44 .22  1.48 .23 0.39 .22 
TCS 65%          
Age 9.06 .004 -- .84  1.09 .32 -- .16 
Time 7.67 .01 -- .77  7.67 .008 -- .77 
Intervention Group 0.07 .79 -- .06  0.001 .98 -- .05 
Age by Time 6.94 .01 -- .73  6.90 .01 -- .73 
Intervention Group by Time 0.05 .82 0.12 .06  0.05 .82 0.46 .06 
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Figure 1. Longitudinal effects of speed of processing training among those with Parkinson’s 
disease. UFOV = Useful Field of View. Lower UFOV scores indicate better performance. 
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Figure 2. SPT – Cognitive Speed of Processing Training. Control group was a cognitive 
engagement control group. A) Useful Field of View (UFOV) performance from pre- to post-
training. Smaller scores indicate better performance.  B) Road Sign Test performance from pre- 
to post-training. Smaller scores indicate better performance.  C) Timed IADL performance from 
pre- to post-training. Smaller scores indicate better performance. 
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Figure 3. Intervention group by time interaction by MCI status on ATTR across channel 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Intervention group by time interaction by MCI status on ATTR within channel 
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Figure 5. Intervention group by time interaction by MCI status on Auditory Verbal Learning 
Test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Intervention group by time interaction by MCI status on Auditory Verbal Learning 
Test- Delayed Recall 
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Figure 7. Intervention group by time interaction by MCI status on Time Compressed Speech 
45% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Intervention group by time interaction by MCI status on Time Compressed Speech 
65% 
